Results: Of the 10 MCs, 7 patients were men; the mean age was 57.8 ±5.6 years. The mean tumor size was 9.6 ±4.1 cm, and the primary site was the right colon in 9; 7 patients showed lymph node metastases (LNM) and lymphovascular invasion (LVI). Of the 22 PDA cases, 12 (54.5%) were women with a mean age of 75 ±16.1 years. The mean tumor size was 6.4 ±3.2 cm. Twelve (54.5%) presented in the right colon, 21 (95.5%) showed LNM and 7 (31.8%) LVI. Follow-up was 32 ±8 months, with a 5-year overall survival of 42.9% for MCs and 76.6% for PDAs (p = 0.048). Univariate analysis found local recurrence (p = 0.001) and medullary subtype (p = 0.043) associated with lower survival.
Introduction
Colorectal medullary carcinoma (MC) is a distinctive, poorly differentiated adenocarcinoma (PDA) increasingly recognized and studied in the last two decades. Formerly known as 'large cell adenocarcinoma with minimal differentiation', it is now being referred to as 'medullary' carcinoma because of its organoid architecture that is similar to the pattern seen in developing embryonic organs [1] .
However, it is important not to use this term in the colorectal literature with the same connotation as it is used in breast and thyroid, because the clinicopathological features are quite different. Medullary carcinoma has been included as a distinct histological type in the World Health Organization (WHO) classification of colorectal carcinomas, wherein it is described as being characterized by sheets of malignant cells with vesicular nuclei, and prominent nucleoli, along with prominent intraepithelial lymphocytic infiltrate [2] . The MC is a solid variety of adenocarcinoma with very little glandular differentiation. Although they are morphologically similar to undifferentiated adenocarcinoma (UDA), they tend to display distinct clinical behavior: they are typically more common in older females, less likely to present with nodal involvement and generally have a better prognosis [3] . However, there are very few data published in this respect. Another characteristic feature of MC is its strong association with microsatellite instability (MSI) in at least 60% of cases [4, 5] .
Most colorectal carcinomas are adenocarcinomas of conventional type (adenocarcinoma NOS, not otherwise specified). Adenocarcinomas are graded into well-differentiated, moderately differentiated, poorly differentiated and undifferentiated tumors (grades 1, 2, 3 and 4, respectively) depending on the proportion of gland formation in the least differentiated component of the tumor away from the invasive edge, according to the WHO criteria. This is a subjective assessment with low levels of agreement among pathologists [6] , but histologic grading has been shown to be an independent prognostic factor for colorectal carcinoma, particularly true for the poorly differentiated subgroup [7] [8] [9] [10] . The WHO and the American Joint Committee on Cancer (AJCC) recommend a 2-tiered histologic grading system: low grade for well-differentiated and moderately differentiated adenocarcinomas (50-100% gland formation) and high grade for poorly differentiated adenocarcinomas (0-49% gland formation) and undifferentiated adenocarcinoma (0-1% gland formation) [11] . Testing tumors for microsatellite instability (MSI) by immunohistochemistry for mismatch repair (MMR) proteins MLH1, MSH2, PMS2, and MSH6 and/or by molecular based methods is routinely performed for patients diagnosed with colorectal carcinoma, primarily to screen for Lynch syndrome and because of it has been reported to be a strong positive prognostic factor [12] [13] [14] [15] . Up to 15% of all colorectal carcinomas demonstrate MSI; the rest are called microsatellite stable (MSS) carcinomas. Some histologic subtypes of colorectal carcinomas are more commonly observed in MSI tumors, including medullary carcinomas, mucinous adenocarcinomas, and signet ring cell carcinomas [16] . The adverse prognosis associated with the poor differentiation of most of these tumor subtypes contrasts with the positive prognosis associated with MSI. Consequently, the current WHO histologic grading does not apply to colorectal MC.
Aim
According to the few published series and data about survival and prognosis of this tumor, and to further characterize the clinicopathologic attributes and survival of MCs, the present study compares the morphological and behavioral features of MCs with MSI with those of poorly differentiated cases of conventional adenocarcinomas (PDA) matched for clinical stage (AJCC stage III) and MSI.
Material and methods
We searched in our institutional surgical pathology files from January 2005 to December 2013 to retrieve all cases of CRC that had been coded as "undifferentiated", "poorly differentiated", "anaplastic", "medullary", and "lymphoepithelial carcinoma". We reviewed all the H + E-stained sections of each lesion obtained thought to obtain the carcinomas that meet the criteria for medullary and poorly differentiated adenocarcinomas. Carcinomas that met the criteria were retained for further study. Only resection specimens were included in the analysis.
The morphologic features of each of the 2 study groups were as follows: MCs were required to demonstrate sheets, nests, and trabeculae of large polygonal cells with high nuclear/cytoplasmic (N/C) ratios and amphophilic cytoplasm, with variably interspersed mature lymphocytes ( Characteristics of PDA included rudimentary but definite gland formation, infiltrative growth, and basal orientation of nuclei within tumor glands, vesicular chromatin, discernible nucleoli, and foci of dirty geographic necrosis. The age and sex of each patient in the study group, the anatomic locations of the tumors, their stages (according to American Joint Committee on Cancer definitions) and follow-up information were recorded for all cases. Only cases of nonhereditary colorectal neoplasia were accepted into the final study group, and tumors arising in the context of inflammatory bowel disease also were excluded.
Paraffin sections of each case chosen for study were cut at 4 μm, mounted on adhesive slides, and rehydrated in a standard manner for immunohistochemical analysis. They were subjected to microwave-mediated epitope retrieval after immersion in citrate buffer and labeled with antibodies to MSH2, MSH6, MLH1, PMS2, PML1 and P53 (Table I) .
Avidin-biotin-peroxidase complex immunodetection ensued, with development of chromogenic precipitates in a solution of diaminobenzidine hydrochloride (0.25 mg/ml). Slides were counterstained with hematoxylin and examined by light microscopy. Immunostaining was scored as positive if the tumor cells demonstrated labeling for the determinants in question. The tumors were considered with MSI when the expression of at least one of the following markers was lost: MSH2, MSH6, MLH1, PMS2, PML1. All cases with the expression of all markers and P53 were classified as MSS carcinomas.
After classifying the PDAs by immunohistochemistry, we selected only those carcinomas with MSI and clinical stage IIIA and IIIB according to the AJCC staging system [12] , obtaining the final study population of 10 MCs and 22 PDAs.
Statistical analysis
Data were analyzed using the Statistical Package for the Social Sciences statistical analysis software (version 12.0, SPSS, Inc., Chicago, IL), using the χ 2 method and log rank test. Results were considered significant at a p-value of ≤ 0.05.
Results

Clinicopatholologic findings
The clinical characteristics of the study population (32 cases) of MSI carcinomas are summarized in Table II . Of a total of 10 MCs, 7 (70%) patients were men and only 3 patients were women; the mean age was 57.8 ±5.6 years (range: 28-74 years), the mean tumor size was 9.6 ±4.1 cm (range: 5-18 cm), the carcinoembryonic antigen (CEA) was elevated in 5 (50%) patients, the primary site of the tumor was the right colon in 9 (90%) cases and the transverse colon in the remaining case. The main tumor burden infiltrated into subserosal adipose tissue in 5 (50%) cases, muscularis propria in 2 (20%) cases and serosa in 3 cases. Seven patients showed lymph node metastases and lymphovascular invasion. No case showed perineural invasion. All cases were treated with surgery as initial treatment with complete resection (clear margins, R0) was achieved in 9 patients and in one microscopic tumor in the surgical margin was identified (R1 resection). Six (60%) patients received adjuvant chemotherapy based on capecitabine plus oxaliplatin with an average of 6 cycles.
For the PDA group 22 cases were analyzed. Ten (45.5%) patients were men and 12 (54.5%) patients were women; the mean age was 75 ±16.1 years (range: 24-79 years), the mean tumor size was 6.4 ±3.2 cm (range: 2-12 cm), the CEA was elevated in 10 (4.5%) patients, the primary site of the tumor was the right colon in 12 (54.5%) cases and the transverse/descendent colon in the remaining 10 (45.5%) cases. The main tumor burden infiltrated into subserosal adipose tissue in 15 (68.2%) cases, serosa in 3 (13.6%) cases and adjacent tissues in 4 (18.2%) cases. Twenty-one (95.5%) patients showed lymph node metastases and 7 (31.8%) lymphovascular invasion. Four (18.2%) cases showed venous invasion and 2 (9.1%) cases perineural invasion. All cases were treated with surgery as initial treatment with complete resection achieved in 19 (86.4%) patients and 
Outcome and survival analysis
The average follow-up time was 32 ±8 months (range: 15-38 months). For the MC group during the follow-up, 2 patients showed recurrence and 3 cases showed disease progression with lung parenchymal metastasis. For the PDA group 6 (27.3%) patients showed recurrence and 5 (22.7%) progression. None of these differences were statistically significant.
In the survival analysis, 3 (30%) patients died of disease in the MC group, with a 5-year overall survival (OS) of 42.9%. For the PDA group, 5 patients died of the disease (22.7%), with a 5-year OS of 76.6%, with a statistically significant difference compared with MCs (p = 0.048, Figure 2) .
Univariate survival analysis (log-rank test) found that factors associated with poor prognosis were recurrence (p = 0.001, Figure 3 ) and medullary subtype (p = 0.043, Table III ). In the multivariate analysis none of the analyzed factors showed an association with worse survival.
Discussion
During the past 25 years, several distinct morphologic variants of colorectal carcinoma (CRC) have been identified, including mucinous carcinoma, signet-ring cell adenocarcinoma, large-cell carcinoma, neuroendocrine carcinoma, "amphicrine" carcinoma, sarcomatoid carcinoma ("carcinosarcoma"), squamous cell carcinoma, lymphoepithelioma-like carcinoma, and "medullary" carcinoma. Aside from having clinical evolutions that are potentially different from those of conventional forms of colorectal carcinoma, these other morphologic subtypes also evoke differential diagnoses and raise various questions about correlations between their histologic images and basic cellular properties. Medullary carcinoma of the colon is a relatively recent addition to the histological types of colorectal carcinomas and has been dealt with in only a handful of studies that have primarily dealt with its pathological aspects. As early as 1977, Gibbs reported a small series of undifferentiated adenocarcinomas with a tendency to grow to larger sizes before producing symptoms but had a favorable prognosis [17] . In 1997, Ruschoff et al. reported a series of poorly differentiated non-glandular colorectal adenocarcinomas, most of which exhibited an expansive growth pattern and significant peritumoral lymphoid infiltrate, resembling solid or medullary carcinomas of the stomach [18] . They also noted that they had high MSI and generally showed good prognosis. In 1999, Jessurun et al. described a series of 11 cases of colonic adenocarcinoma that displayed a predominantly solid, non-glandular component and were negative for neuroendocrine markers [19] . All patients were women with tumors in the cecum or proximal colon. The authors concluded that this non-glandular adenocarcinoma should be distinguished from the other more aggressive non-glandular adenocarcinomas. Lanza et al. identified 45 MCs among 1,265 surgical specimens over a period of 10 years [3] . They observed that these tumors were typically diploid, p53-negative, demonstrated widespread MSI, and had a favorable prognosis compared to well-differentiated and PDAs. Following this, a few other studies confirmed the high frequency of MSI, loss of p53 and CDX2 expression and favorable prognosis of MCs compared to PDA and neuroendocrine tumors [20] . A recent interesting observation was made by Winn, who noted that although MCs and PDA may be difficult to differentiate by light microscopy, MCs frequently stained positive for MUC-1 and MUC-2, indicating that MCs still retain intestinal differentiation [21] . They also showed they can be differentiated from other undifferentiated carcinomas by strong calretinin staining and loss of MLH-1 and CDX2 staining.
Our study of 10 MCs pointed out new findings as well in this carcinoma. In our study group the predominant sex group was men, the tumors showed a very high proportion of lymphovascular invasion (70%), tumor size was greater (9.6 cm vs. 6.4 cm), the age of presentation was lower (57.8 years vs. 75 years), there was absence of perineural invasion, all cases showed MSI and, more important, compared with PDA with MSI matched by AJCC stage, MCs showed lower survival, data contrary to most published series. The explana- [22] [23] [24] [25] [26] [27] . This heterogeneity of clinical behavior could be explained by the multitude of molecular heterogeneity underlying MSI tumors, because they also harbor BRAF mutations and KRAS mutations. We believe that MSI does not have strong prognostic significance, and our data confirm this affirmation. We consider that histologic grade could have the most prognosis significance because by definition all MCs are grade 3 or 4 carcinomas, and possibly this could explain their worse prognosis in our study. Another interesting finding is the fact that high lymphovascular invasion did not correlate with the N stage; we do not have a good explanation for that. Tumor burden could explain some of these findings; however, tumor size has not been demonstrated to be a poor prognostic factor [28] .
Conclusions
Medullary carcinomas of the colorectum are a rare subset of minimally differentiated adenocarcinomas, which were more common in men. They are more common by far in the proximal colon, with almost no occurrences in the left colon, suggesting a possible role of site-specific variations such as colonic flora, intraluminal nutrient content and composition. All MCs of our series were MSI. MCs commonly presented in stage III, were of higher tumor size and were associated with more lymphovascular invasion and with worse survival compared with stage III PDAs with MSI. However, further studies are necessary, including molecular analysis with regard to the specific subsets of MCs. Finally, the authors suspect that medullary carcinoma of the colon may be increasingly identified hereafter, possibly revealing new behavior patterns identifiable in the future.
